Blood levels of high-sensitivity cardiac troponin T (hs-cTnT) is a useful biomarker for the evaluation of cardiac insufficiency, the pathogenesis of subclinical myocardial damage and can prediction of cardiovascular events \[[@ref1]\]. Hs-cTnT is also a biomarker for myocardial infarction (MI), but many other diseases can also be identified with high troponin levels in the absence of MI. Wu et al. \[[@ref2]\] showed that basal levels of hs-cTnT were associated with mortality, and most of the deaths were not associated with non-cardiovascular diseases. High-precision testing improves analytical detection limits so that concentrations are measured in most healthy individuals. This ability allows the evaluation of variation to determine what constitutes a clinically important change in cardiac troponin concentration, a critical measure to identify acute events. Acute events are usually myocardial infarction, but any acute heart injury may cause these values to increase or decrease \[[@ref3]\]. The biological variation of HscTnT is higher than cardiac troponin I, which can be attributed to differences in biology or assay sensitivity at low concentrations. A short-term reference point and a long-term reference point are required to define a changing pattern \[[@ref4]\]. Prognostic value of Hs-cTnT had a strong association with the mortality rate among geriatric patients with or without coronary disease. The studies from Cardinaels et al. \[[@ref5]\] and Lemos et al. \[[@ref6]\] showed that mortality risk in geriatric patients without acute coronary syndrome was linked to increased basal hs-cTnT levels. Our main goal was to present an understanding of the many causes and prognostic significance of the hs-cTnT increase in other non-ACS diseases.

The Association between hs-cTnT and Hypertension {#sec2-1}
================================================

Hypertension (HT) is an independent risk factor for cardiovascular and renal diseases. HT is the third most frequent cause of death, according to the World Health Organization \[[@ref7]\]. Recently, biomarkers have been effective in the non-invasive detection of subclinical myocardial damage \[[@ref8]\]. Notably, the affinity of hs-cTnT levels secondary to structural heart disease was observed to be higher than epicardial coronary diseases in recent studies \[[@ref9]\]. High hs-cTnT levels are linked to myocardial damage.

Patients with HT have significantly higher hs-cTnT levels when compared to healthy controls. Hs-cTnT is important for the contraction of myocardium since it regulates the calcium-sensitive interaction between myosin and actin \[[@ref10]\]. In patients without myocardial necrosis, hs-cTnT is not detectable with most of the conventional tests. Therefore, it can be used for prognosis in hypertensive patients. In addition, hs-cTnT values are positively correlated with left ventricular hypertrophy (LVH) in hypertensive patients \[[@ref6], [@ref11], [@ref12]\]. Sato et al. \[[@ref12]\] reported that 78% of the essential hypertensive patients had hs-cTnT value of at least 0.003 ng/ml. In addition, age, GFR and Cornell voltage were significantly related to hs-cTnT.

Høiseth et al. \[[@ref13]\] reported a significant relationship between arterial hypertension and hscTnT, similar to creatinine levels and age. In patients with HT (even in the absence of ischemic heart disease) increased hs-cTnT levels, together with vascular remodeling and increased pressure, may disrupt microvascular function due to hypertrophy or systolic dysfunction. Non-dipper hypertensive patients are known to have more organ damage than dipper hypertensive patients \[[@ref14]\]. Moreover, hs-cTnT can also help to identify the patients with the risk of last stage organ damage \[[@ref15]\]. Hs-cTnT levels are found to be an independent determinant of pre-hypertension.

Askin et al. \[[@ref16]\] showed that patients with pre-hypertension had higher hs-cTnT levels and suggested that hs-cTnT can be used as a diagnostic biomarker in non-dipper hypertension \[[@ref17]\]. The mechanisms underlying the elevated hs-cTnT levels in hypertensive patients without ischemic heart disease are yet to be understood. Increased blood pressure may damage the coronary microvascular structure, remodel vascular structures or increase systolic or diastolic wall stress \[[@ref18]\]. Left ventricular (LV) hypertrophy may cause decreased subendocardial coronary blood circulation and reduced myocardial ischemia tolerance by increasing RV end-diastolic pressure and wall stress.

Myocardial scarring and RV dysfunction may develop as a result of increased myocardial ischemia, leading to elevated hs-cTnT release \[[@ref11]\]. Hs-cTnT can be a useful biomarker of future adverse cardiovascular or cerebrovascular disease in pre-hypertensive patients \[[@ref19]\]. Mishra et al. \[[@ref20]\] showed that detectable hs-cTnT was strongly associated with left ventricular hypertrophy (LVH) and RV geometry in patients with renal insufficiency. Hickman et al. \[[@ref21]\] claimed that hs-cTnT could be secreted by membranous bubbles in cardiac myocytes during non-necrotic ischemia. In the 20-year follow-up study, increased hs-cTnT was found to be associated with HT \[[@ref15]\].

A 52-month follow-up study showed that increased troponin levels were associated with cardiovascular events \[[@ref19]\]. These findings present a promising approach for identifying high-risk patients at an early stage via troponin measurements. More sensitive analyses are now available, so lower troponin concentrations can be measured \[[@ref22]\]. Arteriosclerosis measurements (heart rate wave velocity and heart rate pressure) are associated with increased cTnT level in subclinical myocardial damage in geriatric patients \[[@ref23]\]. Furthermore, cTnT was associated with age, renal function and cardiac hypertrophy in patients with treated essential HT \[[@ref11]\]. Hs-TnT may indirectly reflect the degree of RV hypertrophy.

Elevated hs-TnT levels may be due to continued myocardial damage or leakage of myofibrillar components and reflect the permanent loss of cardiac myocytes in the development of hypertensive cardiac remodeling \[[@ref24]\]. In addition to increased myocardial strain and neuroendocrine system abnormalities, cardiomyocyte apoptosis is another important cause of increased troponin levels \[[@ref25]\]. Ucar et al. \[[@ref26]\] showed that hs-cTnT levels were associated not only with LVH but also with LV geometry in hypertensive patients. Hs-cTnT can predict the worsening of albuminuria in HT \[[@ref27]\]. Elevated hs-cTnT levels with increased ischemia can be another cause of disruption of myocardial performance index \[[@ref28]\].

In the light of the above studies, we conclude that the HscTnT test is a very sensitive test and that HscTnT is detectable in almost all healthy individuals. HscTnT may have a strong association with systolic blood pressure (BP) and may be useful for direct measurement of subclinical myocardial damage associated with high BP. Further prospective studies are needed to confirm these hypotheses.

Role of hs-cTnT in the Prognosis of the Patients with Pulmonary Artery Hypertension (PAH) {#sec2-2}
=========================================================================================

Although elevated hs-cTnT levels were found to be useful to predict adverse hemodynamic and prognosis after acute PE (pulmonary embolism), its role in chronic PE is still controversial due to the potentially low use prevalence \[[@ref29]\]. Previous studies showed that detectable hs-cTnT levels in acute PE patients were associated with poor prognosis \[[@ref30]\]. In diagnosed PE patients, 99% cardiovascular prevalence of Hs-cTnT was reported to be 32% \[[@ref31]\]. Elevated hs-cTnT levels are associated with increased heart rate, low oxygen saturation and significant exercise restriction in patients with pulmonary artery hypertension (PAH) \[[@ref32]\].

On the contrary to acute PE, the prevalence of the high levels of hs-cTnT is significantly lower in PAH. Torbicki et al. \[[@ref32]\] first reported the potential prognostic role of hs-cTnT in PAH. Although the prevalence of detectable hs-cTnT was only 14%, elevated levels were found to be associated with poor prognosis.

Pathological mechanisms underlying the increased hs-cTnT levels in chronic PAH patients or after acute PE remain unclear. Various mechanisms like myocardial ischemia and necrosis due to an acute increase of hs-cTnT after RV or myocardial stress due to increased wall stress have been proposed. In PE, elevated hs-cTnT levels are associated with RV dysfunction \[[@ref30], [@ref31]\]. In patients with chronic left-sided cardiac insufficiency, elevated hs-cTnT levels are correlated with decreased functional capacity and poor prognosis \[[@ref33]\]. This is consistent with current findings in PAH with chronic RV dysfunction.

Significant RV dysfunction and decreased regional contractility during echocardiography were found in the patient with detectable levels for hs-TnT. Consistently, RV strain and strain velocity are inversely proportional to hsTnT value, which is an indicator of systolic RV dysfunction. However, no association was found between diastolic RV dysfunction, Tei index and hs-TnT level \[[@ref34]\]. In this context, echocardiography is an important indicator of pulmonary hemodynamic in smaller heterogeneous populations, including the patient with ischemic left ventricular insufficiency or PAH due to chronic thromboembolism \[[@ref35]\].

Kriechbaum et al. \[[@ref36]\] reported that hs-cTnT increased in patients with chronic thromboembolic pulmonary hypertension (CTEPH) and suggested that persistent subclinical myocardial damage potentially triggered due to increased RV pressure. HscTnT levels significantly decrease with balloon pulmonary angioplasty treatment and are correlated with reduced RV wall stress.

The increased pressure and/or pressure load leads to myocardial damage. In recent years, newly developed and sensitive methods for the detection of cardiac troponins are claimed to be effective in the assessment of myocardial damage in children with congenital heart disease (CHD) \[[@ref37]\]. In CHD patients, PAH triggers myocardial damage independently from increased volume or pressure load and resistance and disrupts perfusion due to increased ventricular wall strain and myocardial oxygen requirement. Serum hscTnT levels are useful determinants for identifying PAH-related damage \[[@ref38]\].

Despite advances in clinical and biological management of PAH, patient management and decision-making still continue to challenge us. As described in the above-mentioned studies, PAH biomarkers play a critical role in diagnostic, prognostic and therapeutic point of view. Routine clinical, functional and hemodynamic evaluations in PAH patients are important. With the addition of biomarkers, the clinical evaluation will be completed and a predictive and prognostic evaluation will be provided. Further studies are required to support these hypotheses.

Evaluation of Hs-cTnT Levels in Chronic Kidney Disease {#sec2-3}
======================================================

Increased cardiac troponin levels in more than 99% of patients with the cerebrovascular disease can be frequently detected \[[@ref12], [@ref39]\] and cardiac insufficiency even in the absence of acute ischemia and in patients with early chronic kidney insufficiency (CKI) without symptomatic heart disease \[[@ref40]\]. Observational studies reported that constantly elevated hs-cTnT predicts cardiovascular disease and mortality in asymptomatic CKI and dialysis-dependent patients \[[@ref41], [@ref42]\]. A large-scale observational study in the general population showed that non-atherosclerotic factors could be the primary cause of chronically detectable hs-cTnT concentrations \[[@ref12]\].

In asymptomatic, geriatric patients with renal insufficiency minimally elevated hs-cTnT levels are associated with all-cause mortality \[[@ref20]\]. Hickson et al. \[[@ref43]\] showed that hs-cTnT provides prognostic information independently from conventional risk factors related to mortality and last stage renal insufficiency and basic kidney functions in all HT patients and potentially at high-risk. Increased hs-cTnT is an indicator of myocardial ischemia in addition to much cardiac pathology that is frequently present in patients with chronic kidney insufficiency. Moreover, hs-cTnT is an excellent indicator of survival in CKI patients \[[@ref44]\]. Hs-cTnT level at the pre-transplantation stage is an important determinant of the post-renal transplantation survey \[[@ref45]\].

A common misconception is that reduced clearance of hs-cTnT contributes to high levels in patients with CKD. However, the hypothesis that hs-cTnT is a large molecule and cannot be cleared by the kidneys is incorrect. Hs-cTnT has a molecular weight of 37 kDa. Troponin is released as free troponin or as a complex of troponin T, troponin C and troponin I. Recent studies have shown that hs-cTnT is released into small molecules that can be broken down into fragments of myocardial cells and then detected by laboratory measurements. These fragments are small enough to be cleared by the kidneys and therefore, may be elevated in patients with renal failure due to delayed clearance. Immunoassays can detect not only proteolytic degradation products of troponins but also covalently bound troponin complexes \[[@ref46]\].

The presence of elevated hs-cTnT levels in any patient with CKI may be due to underlying structural or symptomatic heart disease. It is difficult to distinguish whether high hs-cTnT levels are due to CKD or symptomatic heart disease. More studies are needed to describe the role of hs-cTnT in the clinical management of asymptomatic CKD patients and the mechanisms by which asymptomatic elevation of the hs-cTnT may occur.

Evaluation of Hs-cTnT Levels in Cerebral Diseases {#sec2-4}
=================================================

Von Rennenberg et al. \[[@ref47]\] investigated if there was a relation between subclinical cardiac disease and subclinical brain disease in patients with acute stroke. High levels of hs-cTnT are associated with the extent of white matter lesions in acute stroke patients. The findings of this study are in parallel with the results of other studies showing an association between hs-cTnT and different biomarkers of cerebral small vessel disease in different populations. Hilal et al. \[[@ref48]\] found a significant relation between hs-cTnT and cortical cerebral microinfarcts in memory clinic patients. Hs-cTnT levels are associated with poor outcomes in intubated patients with traumatic brain damage. In this patient group, serum hs-cTnT measurement at the time of admission to the intensive care unit is a useful tool for early risk classification and accelerated care \[[@ref49]\].

Hs-cTnT can be an independent determinant for the formation of cerebral microbleeding, particularly for deep or infratentorial cerebral microbleeding. This finding justifies the studies on how hs-cTnT levels can contribute to cerebral microbleeding and potentially subclinical small vessel diseases \[[@ref50]\].

Perhaps the usage of cardiovascular biomarkers, such as hs-cTnT with imaging methods, may help in the early prevention of cognitive function loss in cerebrovascular events.

Conclusion {#sec1-2}
==========

In recent years, hs-cTnT has become prominent as a noninvasive biomarker for the detection of myocardial damage. Ischemia associated with clinical findings confirms the diagnosis of myocardial infarction with increased blood cTnT levels. However, hs-cTnT is not specifically released as a result of ischemic myocardial cell necrosis but is also released by many non-ischemic acute and chronic heart diseases, such as myopericarditis, toxic injury or severe cardiac overload. With high-precision assays, the causes of hs-cTnT elevation not only associated with the acute coronary syndrome (ACS) have become common in acute or chronic systemic disorder. High levels of hs-cTnT in the blood are associated with increased cardiac events and mortality rates independent of the underlying disease. However, the clinical conditions causing hs-cTnT secretion in patients without ACS and the appropriate diagnosis and treatment strategies for these individuals are largely unknown. In this review, we aimed to provide an overview of many causes and prognostic significance of non-ACS-related hs-cTnT release. We also tried to raise awareness that hs-cTnT elevation not only focused on cardiac events but also high hs-cTnT levels were observed in other acute events. Perhaps the use of cardiovascular biomarkers such as Hs-cTnT may help in the early prevention of non-cardiac diseases. Further studies are required to support these hypotheses.
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